The molecular identity of Ca 2+ -activated, nonselective (CAN) cation channels has been unclear, but a member of the TRP family, TRPM4, has now been shown to be a CAN channel without significant Ca 2+ permeability. 
The 'transient receptor potential' (TRP) protein is an important signalling molecule, which was discovered and primarily characterized in Drosophila with the help of genetic tools and electrophysiological methods [1] [2] [3] [4] . In 1995, it was shown that TRP proteins are also present in mammalian systems [5] . Expression of the TRP gene product in Xenopus oocytes was found to result in a specific increase in store-operated Ca 2+ entry, indicating that TRP proteins might be the channel molecules responsible for this important process [5] . Since then, a substantial number of vertebrate TRP homologues have been cloned and sequenced [4] .
When the genes for newly identified TRP family proteins were expressed, their products were found to form cation channels with widely differing ion selectivities [4] . Some of the TRP channels are highly selective for Ca 2+ , conducting regulated entry of Ca 2+ into cellsan important process for refilling intracellular Ca 2+ stores emptied in response to Ca 2+ -mobilizing signals [6] . Other TRP channels are mainly permeable to monovalent cations in an unselective manner [4, 7] . The activity of several TRP channels can be modulated by changes in the cytosolic Ca 2+ concentration ([Ca 2+ ] i ) [4, 7] , but the first example of a TRP channel that is activated directly by a rise in [Ca 2+ ] i has only been found very recently [8] . A newly identified member of the TRP channel family, TRPM4b, turns out to have very similar biophysical properties [8] to a Ca 2+ -activated non-selective (CAN) cation channel which was discovered and characterised functionally about 20 years ago [9, 10] .
Ca 2+ -Activated Non-Selective (CAN) Cation Channels The CAN channel was discovered in cultured rat cardiac cells [9] shortly after the publication of the first high resolution (giga-seal) single channel current recordings [11] . This 35 pS channel is cation-selective, but unable to discriminate between Na + and K + ions. The opening and closing pattern is independent of the membrane potential, and the Ca 2+ needed for opening is required from the internal, rather than the external, side of the membrane [9] .
The CAN channel was the first pore in epithelial cells to be characterised by single channel current recording [10, 12] . The 30 pS CAN channel in normal mouse pancreatic acinar cells can be activated by either acetylcholine (ACh) or cholecystokinin (CCK) added outside the isolated patch area from which the single channel current recording is made (Figure 1 ). By subsequently excising this membrane patch into the inside-out configuration, it is possible to demonstrate Ca 2+ -activation of channels with the same characteristics as those opened in response to hormone or neurotransmitter stimulation [10] .
This combined use of cell-attached and cell-free excised patch current recording provided the first direct Figure 1 . A schematic illustration of the mechanism by which hormones and neurotransmitters can activate CAN channels. The best investigated physiological system for studying CAN channels is the normal mouse pancreatic acinar cell, CAN channels of such cells can be opened by either acetylcholine (ACh) or cholecystokinin (CCK), in a membrane area that is not accessible to the agonists. This shows that channel opening must be mediated by an intracellular messenger pathway. The two agonists mobilise Ca 2+ stored in the endoplasmic reticulum (ER) via both inositol 1,4,5-trisphosphate and ryanodine receptors, but use different intracellular messenger pathways (M 1 and M 2 ), which are not discussed in this article (for details of these pathways, see two recent reviews [18, 19] It would be interesting to know whether the TRPM4b channel is sensitive to internal ATP, as the pancreatic acinar CAN channel can be closed by applying ATP to the inside of an excised membrane patch, in the presence of a constant activating free Ca 2+ concentration [13] . ATP is also required for channel opening and this action, in contrast to the closing action, depends on ATP hydrolysis [13] . A recently cloned TRPM7 channel is in fact regulated by Mg-ATP, but in contrast to the pancreatic CAN channel, this pore is permeable to divalent cations [16] . Figure 2 , opening of CAN channels would, as well as reducing the membrane potential, reduce the transmembrane Na + and K + gradients, which are crucial to many cell functions, including the important uptake of amino acids via Na + -co-transporters. The turnover rate of the Na + /K + pump would increase, requiring more ATP expenditure. In general, opening of CAN channels would give rise to relatively large Na + and K + ion fluxes and small potential changes, whereas, for example, opening of Na + selective channels would cause a relatively large potential change with only a small Na + influx.
What is the
Nevertheless, it has been shown that physiological levels of the circulating hormone CCK (5-10 pM) can evoke opening of CAN channels in intact normal pancreatic acinar cells [13] . The non-selective cation current is small, however, compared to the Ca 2+ -activated Clcurrent in these cells, and the depolarisation contributed by the CAN channel may not play the important role in fluid secretion originally envisaged [17] . The extent to which real cells in physiological situations use CAN channel activation remains unclear.
